Introduction

40
Cyclin-dependent kinases is a family of Serine/Threonine kinases that phosphorylate 41 peptide substrates using adenosine triphosphate (ATP) as phosphate source with a unique 8 145
The system was immersed in a rectangular box of water molecules using the SPC model 146 [33] and net charge neutralization was achieved by addition of two Na + ions. A buffer 147 region of 10 Å was imposed over all sides of the protein surface. Periodic boundary 148 conditions were set over the x, y and z axes. The default relaxation protocol implemented 149 in Desmond 2013 [34] was used. This consists in six steps in which the system is first 150 energy minimized by a steepest descent algorithm applying and releasing restraints over 151 heavy atoms. After that, four short MD simulations of 12 and 24 ps are performed 152 retaining restraints, to finally carry out an unrestrained simulation. In order to study the 153 viability of the substrate-assisted mechanism, a 3.4 ns production run was performed and 154 the last snapshot was chosen for further QM/MM studies. On the other hand, to study the 155 base-assisted mechanism, an extra simulation was carried out to bring together the H 156 atom of the Ser residue to be phosphorylated with the oxygen atom of Asp127 to a 9 167 atm and temperature at 300 K using the Martyna-Tobias-Klein barostat [36] and the Hoover chain thermostat [37] , respectively. The RESPA (time-reversible reference system 169 propagator algorithm) integrator [38] was applied with a 2 fs time step for bonded and 170 short-range nonbonded interactions and 6 fs for long-range electrostatics. residues Asp145, Asn132, Lys129, Asp127, Ser5 (residue to be phosphorylated), the Mg 2+ 176 ion, and a coordinating water molecule (Fig 2) . All QM/MM cuts were done between the 177 Cβ and Cα atoms and valences were saturated with hydrogen atoms (link-atom approach), 178 resulting in a total of 61 atoms in the QM region. Transition state optimizations were done 179 with a micro-macro iterative procedure [39] . After that, the intrinsic reaction coordinate 180 (IRC) path was traced down to reactant and product states, with full optimization of them.
181
To speed-up the calculations, only the atoms within a radius of 25 Å from the ATP 182 molecule were allowed to move, while the rest of MM atoms were kept frozen. Treatment 183 of QM atoms was done at the B3LYP/6-31+G* [40] showed to be stable during the MD simulation (S1 Fig.) . The optimized geometries of the 238 reactants states for both reaction mechanisms are shown in Figs 4A and 5A, respectively.
239
In the case of the substrate-assisted mechanism, the initial distance between the P γ atom 240 and the entering oxygen O γ is 3.98 Å, slightly longer than the crystallographic distance 241 (3.68 Å, Table 1 ). The TS in the substrate-assisted mechanism (Fig 4B) shows that the with a value for the bond order of approximately 0.6 (S1 Table) , showing that at the TS the 347 formation and cleavage of these bonds has advanced halfway. This also shows that there 348 is a marked synchronicity in the formation and dissociation of these bonds. However, this In the case of the base-assisted mechanism, bond breaking and forming events occur in a 369 similar way, beginning with the breaking of the O 3β -P γ bond (Fig 6B) until TS1 is reached. Table) . Fig 6D shows 
